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CONTOURED REAMER TEETH 
BACKGROUND OF THE INVENTION 

[0001] The invention relates to surgical products, and in particular, to surgical reamers 
for cutting shaped cavities in bone. 

[0002] In order to produce a shaped cavity in bone for a hip implant, which requites 
smooth walls and accurate shape, it is advantageous that the reamer shell or cutting bowl 
be hemispherical. Further, the cutting teeth must be properly located and oriented. Still 
further* the tooth height is important to the size of bone chip and Aus to the accuracy of 
the shape cut by the reamer. 

[0003] In most cases, an implant in a hip socket is best fixed to a concave, hemispherical 
cavity. However, such a shape is not strictly necessary. Other acetabular cutting shells are 
^ non-hemispherical and go ..but the principle explained here may be adapted to include 
such other geometries, 

[0004] It is increasingly important, especially with cementiess hip surgery, that the 
acetabulum be reamed to an exact form, generally a hemisphere, thus allowing maximal 
contact between the bone and the definitive (hemispherical) implant. 

[0005] Further, theie is increasing emphasis on cutting a smaller incision to minimize 
minimifK? the trauma to the patient and to au gment a id the rate of recovery. Meeting this 
additional requirement provides an additional challenge to the designers of medical 
instruments and implants. In addition, the change in surgical procedure includes the fact 
that the surgeon now more often maintains the acetabular reamer handle on a single axis 
rather than performing the step of "sweeping" the end of the tool handle through an angle 
and thus continuously changing the axis of the reamer cut. If a test is made maintaining a 
prior art reamer handle on a constant axis, then a series of concentric rings are cut that, on 
a macro-scale, approximate a hemisphere. When the surgeon "sweeps" the axis of the 
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reamer handle, these irregularities are removed (in a similar manner to polishing) 
yielding a hemispherical surface. 

[0006] In an effort to maximize the number of concentric rings, to minimize 
chatter/vibration and thus approach a smooth hemispherical surface without sweeping, it 
is desirable lo add more teeth. However, when this is done, mechanical strength 
decreases. Further, it is more difficult in this case to. insure that ^e cut profile of each 
tooth overlaps. Larger teeth have been attempted but either the chip size and cutting 
stresses were too large or the reamer was too complex. Further* due to the large opening 
adjacent the larger teeth, mechanical strength was sacrificed. 

[0007] U.S. Pat. No. 5,116»165 to Sayler describes a reamer having a limited number of 
discrete blade-like teeth. These teeth are defined by a single curve of the profile of the 
form CO be cut. In other words, these teeth are flat. Such a tooth form thus is not 
supported in that no structure is provided lo help maintain the form of the tooth (other 
than the tooth itself) when faced with the sometimes unusually high cutting pressures of 
reaming. Further, the integrity of the spherical form of the reamer can be affected when 
there are a limited number of extensive slits of cuts in the spherical. This integrity is 
affected by the fact that high stresses are induced at the sharp comers of the slits. 

[0008] It is often the case that Qfteft the form of the tooth is a function of the original 
material form: the sheet material or the base diameter of the hemisphere or of the 
manufacturing method. Often no consideration is given to the form of the cut surface. 
Therefore, the cut of a single tooth often only appmximates Che required form of a sphere 
or a hemisphere. For example, it may yield a planar surface or have a radius different 
than chat required and further generate an overall hemisphere that is irregular. 

[0009] Therefore, what is needed is a reamer that minimizes the discrete cut surfaces and 
generate a series of cuts that comprise a single defined geometry. Further, what is needed 
is a tooth form that can be controlled independently of the fonn of the original material 
form. 
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SUMMARY OF THE INVENTION 

[0010] The above problems are solved through the provision of an acetabular reamer for 
cutting a required cut shape* the reamer having a cutting shell on which are located a 
series of doubly-curved cutting teeth thereon of a quantity su fficient t o substantially 
reduce a cutting pressure on each tooth as well as to reduce a size of a typical chip 
generated upon cutting. Substantially ail the teeth each have a matched arc cutting edge 
of substantial length diat has a cutting profile which substantially matches a profile of a 
shape to be cur. Such a configuration reduces the number of teeth required to cut the 
shape. Further^ by punching up or forming a larger number of smaller ceeth, it is easier to 
maintain the spherical shape of die reamer. 

[0011] The invention thus gives an improved quality of cut surface and allows fewer 
teeth to be employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a perspective view of a reamer of the prior art. 

[0013] FIO. 2 A is a top view of a tooth of a reamer of the prior art, 

[0014] FIG* 26 is a side cross-sectional view of a tooth of a reamer of the prior art 

[0015] FIG. 2C is a front view of a tooth of a reamer of the prior art. 

[0016] FIG. 3A is a top view of a tooth of a reamer of the invention prior art , 

[001 7] FIG. 3B is a side cross-sectional view of a tooth of a reamer of the invention pf4ef 
ac(. 
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[0018] FIG. 3C is a front view of a looth of a reamer of the invention prior art , 

[0019} FIG. 4 is a side view of die reamer of the invention. 

Common reference num erals are used for the same or analogous features throughout the 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0020] Referring to FIG. 1, a typical acetabular reamer 10 of die prior art is shown. The 
reamer 10 has a cutting bowl or shell 12 defining a surface 14 on which are located teeth 
16 adjacent openings 18. A base 20 provides a tool-engaging device (not shown) which 
typically en gages an opening 21 therein. 

[0021] Referring now to FIG. 2A, a tooth 16 of die reamer 10 is shown. The tooth 16 has 
a diverging surface 22 ("rise", marked Zone A) backing up the cutting edge 20. Some 
distance behind the cutting edge 20 (to the left of the cutting edge in die figure), about ^ 
where the dashed line 26 is located, this surface M begins to curve inwardly toward the 
surface of Zone B, and then towards the reamer cutting bowl surface 14. Surface 
reflection lines 28 help indicate the form of these surfaces. 

[0022] Referring now to FIG. 2B, a cross sectional side view of the tooth profile 32 of the 
prior art reamer 10 is shown. The form of the piufile 32 of the rise 22 is non-linear as 
indicated (compare profile 32 with broken line 32). 

[0023] Referring to FIG. 2C, the diverging surfaces 22 of Zone A are visible when one 
examines a front view of the tooth 16 of the prior art reamer 10. In other prior art 
reamers, not shown, corresponding portions of the rise 22 are not visible in a front view 
but are hidden from view, due to their convergence toward an apex. 

[0024] These rises 22, respective cutting edges 20, and openings 18 are either positioned 
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on the reamer cutting surfiice in a spiral arrangement or randomly. The term "spiral" is 
meant to include any form in which the cutting teeth 16 are orderly organized in a manner 
to sweep out the entire shape Co be cut A preferred spiral arrangement is an arrangement 
in which adjacent teeih are uniformly angularly offset from each other at any adjacent 
circle of latitude, namely, that adjacent teeth lie on differing circles of longitude evenly 
spaced apart from one another. Further, it is preferred that there be a given overlap 
between adjacent cutting rings (i.e., the rings swept out by each tooth 16). 

[0025] These prior art reamers 10 have a crest 38, which generally approximates a 
narrow Peak. Note that FIG> 1 shows only a few representative teeth 16. Actually, due 
to the fact that the teeth only cut at this narrow peak 38, the entire surface of the 
hemisphere must be covered with many teeih 16. in order diat there be sufficient cutting 
points to cue an app ioximated heryiy^pherical surface in the bone, 

[0026] Referring now to FIGS. 3A to 3C, the present invention has a cutting shell 12' on 
which are located a series of doubly-curved cutting teeth 16' thereon of a quantity to 
substantially reduce a cutting pressure on each tooth as well as to reduce a size of a 
typical chip generated upon cutting. Substantially all the teeth 16' each have a matched 
arc cutting edge 20'1 of substantial length that has a cutting profile which substantially 
matches a profile of a shape to be cut. The matched arc cutting edge 20'1 is adjacent 
secondary cutting edges 20' W supported by adjacent rise portions Z9\ which mav also 
be characterized o hofciotDrizabi e as gusset or buttress portions, which curve back toward 
the cutting shell 12' and support the secondary cutting edges 20* The overall cutting 
edges 20 -20" '20' are therefore doubly-curved in that at least two distinct curves (one 
associated with cutting edges 20* and the other associated with cutting edge 20") are 
required to define each cutting edge 20'r2P"-20'. An opening 18' precedes the cutting 
edges as the reamer 10' is rotated for cuUing. Because the matched arc cutting edge 20" 
is not a peak or point cutter, but rather a prof ile cutter, such S«et> a configuration reduces 
the numt)er of teeth required to cut the shape. The invention thus gives an improved 
quality of cut surface and allows fewer teeth 16' to be employed. 
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[0027] Although the cutting edge 20" appears flai in the figure, it actually follows the 
coniour of the surface to be cut* in ihis case, a hemispherical surface. In this embodiment, 
the radius R of che cutting edge 20^1 matches the radius of the surface to be cut. 

[0028] Contrary to conventional wisdom, the new tooth 16* is not generated by ^ 
giak.ing _mQnufaoturo of a larger or wider opening 18 adjacent to the tooth. The opening 
18' is, as in the prior art, substantially round in shape. The tooth 16' is generated by the 
manner in which the tooth is deformed to match the profile of the eventual shape. In 
this embodiment the rise 22' approximates the shape of a rectangular prism intersecting 
the cutting bowl at a tangent to the surface of the cutting bowl 12. The teeth 16* have 
cloorly diverging s urfaces ^in Zone A> which follow the cutting edge 20' and clearly 
diverge from surfaces associated with Zone B . Noto that oommon rofcronco num e roin are 
u3od — #of! — — same ef — qnalogouo foatufcs — throughout — the — drawings. 

[0029] Further, it has been learned that by forming or punching up more smaller teeth, it 
is easier to mointQin ensure that the spherical shape of the reamer is not compromised. 

[0030] For any given radius f adtal from the center of the acetabulum to the periphery, a 
different part of the sector is cut by a different toodi 16*. The Invention of a longer tooth 
16' following the rounded opening 18' and which matches more closely the required 
radius R« means that a reduced number of teeth are required to cut the full radius. Further* 
the use of a series of cutting teeth 16' on the cutting shell 12' substantially reduces the 
cutting pressure on each tooth as well as ^ reduces a size of a typical chip generated 
upon cutting. The ability to use fewer teeth 16' further allows sections 50 (shown in FIG. 
5) of the hemisphere to be removed while maintaining a high quality of cut surface. An 
example of an acetabular reamer with sections cut away is given in the diagrams of 
PCTrrm applications serial numbers PCl/lBO 1/02675 and PCI/IBO 1/02676 entitled 
HOLDER FOR A SURGICAL REAMER and SURGICAL REAMER, respectively, filed 
on 21 Dec. 2001, the contents of which are incorporated herein by reference thereto. 

[0031] The present invention generates a tooth 16' with a wider cutting padi_p«&file that is 
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therefore easier to overlap with the cut generated by the next tootti at a different 
latitudinal elevation on the hemisphere. Additionally the tooth 16' cuts a sector of the 
required hemisphere, matching the required radius exactly. Consequen tly, as already 
mentioned 4 the^ Fhe improved tooth allows a full hemisphere to be cut with fewer teeth. 

[0032] Preferably, the reamer 10' includes a series of cutting teeth 16' arranged uniformly 
and spaced apart on the cutting shell. These teeth 16' may be arranged in a spiral 
arrangement on the cutting shell 12\ 

[00331 In an alternate embodiment, best seen in FIG. 4. the cutting shell is a ponion of a 
hemi^here, in this case, in which sections 50 (shown by dashed lines) have been 
removed in the manufacturing process. In this embodiment, the length of the cutting 
edges are selected so as to completely cut the shape while being of a number that still 
ensures good mechanical strength. The longer cutting edges allows the use of less leech 
while still cutting a good hemispherical form than permissible with a cutting shell that 
has a more complete hemispherical shape. 

[0034] A tool engaging portion 52 is comprised of two intersecting bars 54 and 56, one 
bar 54 of which optionally having two flats 60 (only one of which is shown) on its outer 
ends, adjacent their connecting points on the reamer cuuing shell 12*. 

In an advantage, the reamer of the invention minimizes the discrete cut surfaces and 
gfififtrates a series of c uts tfiat comprise a single defined geomeOrV, 

In another advantage, the form of the toot h is no longer necessarily dei>cndent for its form 
to that of the original ma terial on which the tootfa is itself formed. 

[0035] Multq>le variations and modificadons are possible in the embodiments of the 
Invention described here. Although certain Ulustrative embodiments of the invention have 
been shown and described here, a wide range of modifications, changes, and substitutions 
is contemplated in the foregoing disclosure. In some instances, some features of the 
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present invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the foregoing description be constaied broadly and 
understood as being given by way of illustration and example only, the spirit and scope of 
the invention being limited only by the appended claims. 
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